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Abstract 
The channel optical waveguides and one-dimensional photonic lattices have been formed in a bulk of lithium niobate sample due 
to the pyroelectric effect contribution. The storage time of pyroelectrically induced waveguide channels has been estimated and 
nonlinear regime of discrete diffraction of light within the one of photonic lattices has been demonstrated. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The wave packets of different nature demonstrate some properties common for wave fields among which the 
diffraction and dispersion play the most significant role in the practical applications. These effects are typical as for 
the light beams as for the acoustic or magnetic waves. The different approaches may be used to tailor their 
characteristics. The spatial confinement of wave packets with waveguides and resonant elements, the photonic and 
phononic crystals, the influence of various external fields are widely studied for this purpose [1]. Some findings in 
the area of optics have close analogs in other areas of wave physics. For example, as optical, as acoustical 
waveguides can significantly influence the wave dispersion and diffraction. The waveguides are realized in optics 
with variations of material dielectric properties and through variations of elastic properties in acoustics. A quantity 
of waveguide elements form so called photonic crystals in optics and phononic crystals in acoustics [1, 2]. The light 
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propagation within photonic crystals of different dimensionality is in intense interest of scientists for more than two 
decades due to the unique features of linear and nonlinear discrete diffraction effects [1 - 3]. Their details may bring 
the advantages to the development of acoustic devices based on phononic crystals. The nonlinearity of materials 
adds new features to the behavior of wave packets within waveguide structures. For example, it may change the 
nonlinearity sign of the periodic waveguide systems at some conditions in optics [1]. As the result, the discrete 
bright spatial soltons can exist in such systems on the medium with self-defocusing nonlinearity and vice versa, dark 
discrete spatial soliton formation is possible in the waveguide systems in self-focusing materials [1]. Similar effects 
may be expected for periodic waveguide structures of different nature.  
The main aim of our work is the study of waveguide effect obtaining in ferroelectric crystal of lithium niobate 
(LiNbO3) due to the pyroelectric mechanism of its nonlinear optical response and demonstration of discrete 
diffraction effect in one-dimensional photonic crystal (the system of coupled planar optical waveguides) in this 
material.  
2. Experimental results 
2.1. 2-dimensional (2D) channel waveguides in lithium niobate  
The special interest among nonlinear optical materials is attracted to the photorefractive crystals because of their 
huge nonlinear response at low light intensity [3]. It means that some diffraction or waveguide elements (for 
example, planar and channel waveguides) may be formed in these materials in regimes of the spatial solitons due to 
the influence of the light fields. In LiNbO3 the optical powers of the microwatt range are fair for that. However, its 
optical nonlinearity is of the self-defocusing kind and only dark photorefractive spatial solitons can form in this 
crystal [3]. Nevertheless, contributions of different mechanisms of the charge carrier transport make possible 
formation of bright spatial solitons even in this material. The externally applied electric field sufficiently increasing 
the contribution of drift mechanism of charge carrier transport has been used in [4] for the formation of bright 
spatial solitons in LiNbO3. In some of the ferroelectric crystals the electric field arises at the heating or cooling 
because of the change of their spontaneous polarization [5]. The self-trapping of light beams with obtaining of 
spatial soliton regime exploiting the pyroelectric properties has been recently demonstrated for undoped lithium 
niobate (LiNbO3) crystal [5, 6]. The channel waveguides have been formed in those experiments as in bulk of this 
crystal as in planar waveguides on this material.  
The experimental setup we use to form photonic waveguides and lattices in LiNbO3 contains a CW YAG:Nd3+ 
laser with radiation wavelength of 532 nm and output power up to 50 mW as a light source. The channel 
waveguides are formed within the nominally un-doped LiNbO3 sample with dimensions of 4×10×4 mm3 along X, Y 
and Z axes. The light beam is focused for this purpose onto the crystal input plane by a lens with focal length of 40 
mm. It provides the diameter of light spot at the sample input facet ~12 Pm. The LiNbO3 sample is placed over the 
Peltier element which provides the crystal heating up to 90ºC. Its temperature is measured with a non-contact 
infrared thermometer. Light beam propagates along crystal X-axis. The light patterns at input or output facets of the 
crystal sample are studied with a laser beam analyzer.  
The Gaussian-shaped laser beam with diameter of 12 Pm naturally diffracts at the propagation within the crystal 
sample. This linear beam diffraction is illustrated by images of light patterns at the input and output crystal surfaces 
(Fig. 1 a, b). Light polarization corresponds to that for an ordinary wave of the crystal. At the output facet the beam 
diameter increases up to ~50 Pm. The optical power is near to 10 PW that preserves the light beam photorefractive 
distortions. At the higher optical power (100 PW) the diffraction divergence of this beam becomes in some time 
stronger due to the photorefraction. The crystal sample is nominally undoped with any impurities, but the 
photorefractive effect can distort the light field due to the existence of intrinsic defect states and some low dose of 
uncontrolled impurities introduced into it while growth. Thus, light induces the space-charge electric field within the 
crystal directed primarily along its optical axis.  As the photorefractive nonlinearity of LiNbO3 is of self-defocusing 
kind, this electric field results in the anisotropic distortions of light pattern at the crystal output surface (Fig. 2 c). 
This is a nonlinear addition to the light beam diffraction broadening. To compensate both, the linear and nonlinear 
diffraction, the sample is heated with Peltier element. Light pattern (Fig. 2 d) demonstrates the total compensation of 
the beam diffraction obtained in this experiment at the temperature 55ÛC. The beam diffraction compensation is 
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caused by the pyroelectric field [5] arising within the crystal bulk due to its uniform heating. This field decreases the 
refractive indices of the whole crystal through the linear electrooptic effect. However, the pyroelectric field becomes 
screened in the illuminated area of the crystal due to the redistribution of charge carriers appearing because of the 
photoexcitation under light influence. Thus, the interplay of the photorefractive and the pyroelectric effects results at 
some conditions in the formation of 2D bright spatial soliton (pyroliton) that means formation of 2D waveguide 
channel in the crystal bulk. 
 
Fig. 1. Light patterns at the input (a) and output (b) crystal surfaces in the linear diffraction regime. Output pattern (c) for the light power 100 PW 
(photorefractive distortions) and light pattern at the output surface (d) for the crystal heating to the temperature 55ÛC. 
The important characteristic for photonic applications of optically induced waveguide elements and systems in 
ferroelectric crystals is their storage time after the crystal sample cooling down. We investigate the channel 
waveguide storage for LiNbO3 sample discussed using the periodic readout of previously formed 2D waveguide 
channel with its diameter ~15 Pm by weak (5 PW) light beam of the same wavelength after natural cooling down 
the sample temperature to the room level. The readout light beam was excited within waveguide channel for 5 
seconds every hour and light patterns from the output surface of the crystal sample were studied with the laser beam 
analyzer. The experiments demonstrate the storage time of such 2D waveguides as longer than 120 hours which is 
illustrated by light patterns in Fig. 2. 
 
 
 
 
 
 
Fig. 2. The images of light patterns at the output surface of the crystal sample. Periodic readout of the waveguide channel: (a), t=0; (b), t=48 
hours; (c), t=128 hours. Light wavelength is 532 nm, optical power of readout beam is 5 PW. The horizontal intensity profiles are in the top. 
2.2. Discrete diffraction in pyroelectrically induced1D photonic lattices 
One-dimensional (1D) photonic lattices are the systems of evanescently coupled planar optical waveguides which 
possess the unique features of discrete diffraction of light including possible formation of discrete spatial solitons. 
We form 1D photonic lattice in the crystal sample discussed above at light wavelength of 532 nm using the 
holographic two-beam coupling scheme [7]. The light beam with a diameter of ~1 mm is split into two beams of 
equal power by a beam-splitting cube. The cube with a 90Û prism forms an interferometer at the exit from which two 
beams are tilted to form an interference pattern with the period of 15Pm. The light polarization corresponds in our 
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experiments to an extraordinary wave in the crystal, and the direction of the lattice vector is parallel to the crystal 
optical axis. The recording beams propagate in the crystal along the directions close to the Y axis. A phase grating 
playing the role of a system of coupled planar optical waveguides is formed inside the crystal bulk due to the 
photorefractive or the pyroelectric effects. In the last case the crystal sample is heated before the phase grating 
recording. The refractive index change is estimated from the diffraction efficiency of the grating measured. In 
various experiments we study the time evolution of diffraction efficiencies for the photonic lattices formed due to 
the pyroelectric effect at different light powers and different crystal temperatures.  
Some particular results on the formation of photonic lattices in conditions of pyroelectric effect contribution are 
illustrated by Fig. 3 a. The crystal heating up to 60ÛC shows higher diffraction efficiency value for the light power 
20 mW in our crystal sample. It provides almost twice higher refractive index change for the photonic lattices 
formed due to the pyroelectric effect when compared with photorefractive effect in this sample. 
 Images in Fig. 3 b illustrate nonlinear discrete diffraction of light beam (O=633 nm) with optical power 1 mW in 
1D photonic lattice with spatial period of 20 Pm induced in the sample with contribution of pyroelectric effect. The 
single-channel excitation scheme by extraordinarily polarized light is used. It can be seen that at t=7 minutes the 
pattern close to that for discrete gap soliton is observed at the output surface. The main part of optical power 
becomes localized in the excited waveguide element at this moment. However, the exposure longer than 15 minutes 
points to the destruction of the soliton state that is typical for the optically induced waveguides. 
In conclusion, the experimental results have demonstrated that the pyroelectric effect contribution can be 
effectively used for creation of reconfigurable optical waveguide elements and systems in ferroelectric crystals like 
LiNbO3 and other ones with strong pyroelectric response. 
 
 
 
 
 
 
 
Fig. 3. (a) the time evolution of diffraction efficiency K at recording of phase gratings due to the photorefractive effect (1) and the pyroelectric 
effect (2) in the crystal sample; (b) the light patterns at the output facet of the crystal sample at the single-element excitation of light (O=633 nm) 
for the initial stage (t=0) and after the exposure (t= 7 min.). 
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